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OVERVIEW OF THE BASELINE CONFIGURATION 
F a i l u r e  d e t e c t i o n  and i d e n t i f i c a t i o n  log ic  f o r  a f a u l t - t o l e r a n t  l o n g i t u d i n a l  
con t ro l  system w e r e  i nves t iga t ed .  
condi t ion  f o r  a hypo the t i ca l  t r anson ic  business j e t  t r a n s p o r t  conf igura t ion .  The 
f a u l t - t o l e r a n t  c o n t r o l  system c o n s i s t s  of  conventional c o n t r o l  and e s t ima t ion  p l u s  
a new "outer  loop" conta in ing  f a i l u r e  de tec t ion ,  i d e n t i f i c a t i o n ,  and reconfigura-  
t i o n  ( F D I R )  l og ic .  I t  is assumed t h a t  t h e  a d d i t i o n a l  l o g i c  has access  t o  a l l  
measurements, as w e l l  a s  t o  t h e  outputs  of the  c o n t r o l  and e s t ima t ion  l o g i c .  The 
p i l o t  a l s o  may command t h e  F D I R  l o g i c  to  perform s p e c i a l  tests. 
A i r c r a f t  dynamics were based upon t h e  c r u i s e  
PARALLEL AND ArlALYTICAL REDUNDANCY 
DETECTION AND IDENTIFICATION OF FAILURES IN:  
- STATE SENSORS 
- CONTROL EFFECTORS 
- CONTROL-EFFECTOR SENSORS 
- AIRFRAFIE CHARACTERISTICS 




Simulation o f  t h e  f a u l t - t o l e r a n t  Control system w a s  conducted us ing  a genera l -  
The s imula t ion  accounts for  purpose computer and t h e  FORTRAN programming language. 
para l le l  redundancy i n  c o n t r o l  System elements as w e l l  as a n a l y t i c a l  redundancy. 
The l a t t e r  uses t h e  mathematical r e l a t i o n s h i p s  between d i s s i m i l a r  s e n s o r s  t o  iden- 
t i f y  f a i l u r e s  when it is  suspec ted  t h a t  one of two similar senso r s  has  f a i l e d .  It  
uses  t h e s e  same r e l a t i o n s h i p s  t o  d e t e c t  as w e l l  as i d e n t i f y  f a i l u r e s  when t h e r e  i s  
j u s t  one sensor  of  a kind. 
e f f e c t o r s  and f a i l u r e s  o f  t h e  senso r s  t h a t  measure c o n t r o l  e f f e c t o r  p o s i t i o n .  It  
also d e t e c t s  changes i n  a i rc raf t  dynamics, as might r e s u l t  from s t r u c t u r a l  damage. 
The l o g i c  d i s t i n g u i s h e s  between f a i l u r e s  of c o n t r o l  
Initialization 
Lz---- Read Measures 
Control Systems 
Function increment 
A Single FDI 
Effectors FDI 
SINGLE- SENSOR F D I  TREE 
When t h e r e  is  no hardware redundancy remaining, f a i l u r e  d e t e c t i o n  and 
i d e n t i f i c a t i o n  fol lows a t r e e  s t r u c t u r e ,  beginning wi th  t h e  s imples t  mathematical 
r e l a t i o n s h i p s  between d i s s i m i l a r  sensors .  For t h e  m o s t  p a r t ,  a l g e b r a i c  equat ions 
a r e  used; however, it is necessary t o  use a Kalman f i l t e r  t o  d i s t i n g u i s h  between 
angle-of-at tack,  manual-acceleration, and a l t i t u d e  sensor  errors. 
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The hreshold f 
SINGLE-SENSOR STEP- AND RAMP-FAILURE 
DETECTION TIMES 
r f a i l u r e  d e t e c t i o n  w a s  s e t  j u s t  above t..e es t imated  2.5-0 
It  also 
level. 
The procedure genera l ly  w a s  success fu l  i n  d e t e c t i n g  5-0 step f a i l u r e s .  
could d e t e c t  moderately steep (L/4) ramp-type fa i lures ;  as t h e  slope of the ramp 
decreased,  de tec t ion  t i m e s  increased.  
step and ramp f a i l u r e s  were s imulated,  wi th  t h e  r e s u l t s  shown on t h e  f i g u r e .  
Step 2 . 5  o Step 4 .  u Step 5 .  u 
M NO Detection No Detection Det. time = 6.60 sec. 
g No Detection Det. time = 5 . 4 0  sec. Not simulated 
e No Detection No Detection Det. time = 2 1 . 6 0  sec. 
a No Detection 
Z No Detection 




Det. time = 3 1 . 8 0  sec. 
Det. time = 6.60 sec. 
Det. time = 6.00 sec. 
Nz No Detection No Detection Det. time = 6 . 6 0  sec. 
Ramp L/4 Ramp L/7 Ramp L/10 
M Det. time = 15.00 sec. Not Simulated Det. time = 3 0 . 0 0  sec. 
q Det. time = 11.40 sec. Not Simulated Det. time = 2 4 . 6 0  sec. 
8 Det. time = 2 8 . 2 0  Sec. Z Error detected No detection in 60. sec. 
a Det. time - 2 8 . 2 0  sec. Det. time = 3 4 . 2 0  sec. Det. time = 6 0 . 0  sec. 
Z Det. time = 2 3 . 4 0  sec. Det. time = 3 1 . 2 0  sec. No detection in 60. sec. 
U Det. time = 15.00 sec. Not Simulated Det. time = 2 9 . 4 0  sec. 
Nz Det. time = 15.00 sec. Not Simulated Det. time = 2 9 . 4 0  sec. 
EFFECTOR AND EFFECTOR- SENSOR 
FAILURE DETECTION TIMES 
S imi l a r  tests were made w i t h  errors i n  the  c o n t r o l  e f f e c t o r s  and t h e i r  s enso r s .  
These f a i l u r e s  w e r e  de t ec t ed  quick ly  wi th  4-0 steps, and it w a s  possible t o  d i s -  
t i n g u i s h  r e a d i l y  between f a i l u r e s  i n  the e f f e c t o r s  and t h e i r  a s s o c i a t e d  sensors .  
Additional r e s u l t s  and conclus ions  are contained i n  t h e  t hes i s  by F. Da l l e ry ,  
" F a i l u r e  Detection and I d e n t i f i c a t i o n  f o r  a Reconfigurable F l i g h t  Control System," 
Pr ince ton  Univers i ty  Report N o .  MAE-l639T, Nov. 1983. 
EFFECTOR F A I L U R E S  
Step 2.5 u Step 4. u R a m p  L/4. R a m p  L/10. 
E l e v a t o r  N o  D e t e c t i o n  D . T  = 4.80 sec. D.T = 12.60 sec. D.T = 24.00 sec. 
E n g i n e  No D e t e c t i o n  D.T = 5.40 sec. D.T = 11.40 sec. D.T = 24.00 sec. 
F A I L U R E S  O F  EFFECTOR SENSORS 
Step 2.5 u Step 4. u R a m p  L/4. R a m p  L/10. 
No D e t e c t i o n  D.T = 4.80 sec. D . t  = 11.40 sec. D.T = 24.00 sec. Sensor  
N o  D e t e c t i o n  D.T = 4.80 sec. D.T = 11.40 sec. D.T = 24.00 sec. E n g i n e  Sensor 
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